social systems, where the number of play partners of an individual is more restricted as only few can be trusted as play-mates. For bonobos, it seems it is safe to play with anyone.
Play-partner diversity is important when thinking about adaptability: playing 100 times with the same individual requires less variation and adjustment of behaviour than playing 10 times with 10 different individuals. Playing with individuals of different sizes, personalities and sex requires learning about contextual-dependent behaviour: with whom and when a bite is appropriate, a chase over a push, a gentle tickle rather than a stomping slap, and so on. An example is selfhandicapping -when individuals self-adjust their strength in order to maintain playful interactions with animals of different size, status and ability. In short, because social play only happens when individuals learn to adjust to each other's differences, diversity of play partners boosts experiential complexity and thus behavioural repertoires.
There is another fundamental aspect to social play that is relevant to adaptability: positive emotion that is salient. Driven by positive emotion, play rewards engagement with the world, and in doing so it increases yet further the complexity to which adult brains are exposed. While this is of course very important for the development of immatures, we know that adult brains remain plastic and indeed match even slight variations in environmental enrichment. Complex systems (such as brains!) tend to show increased flexibility of responses with increased complexity. Interactions other than play can have the same result of course, but salient emotion makes play a particularly time-efficient mechanism of creating complexitypartly because it is so rewarding. Emotional salience has a strong effect in learning, memory and bonding intensity. So play -short in duration, diverse in expression -can serve as a 'fast-track' cognitive and bonding boost (which is especially useful given adults' constrained time budgets). The human equivalent would be the efficacy that a good laugh or dance session has in bonding us with others compared to less salient activities such as plain conversation by the water cooler. Adult play can be an intense 'fast-track' creator of experiential complexity.
The rewards of adult play
Understanding the Peter Pan apes gives us insights as to why socially complex species may play into adulthood. Since the social world is necessarily unpredictable, cognitive flexibility is key for successful context-dependent strategies. This is true for immatures and I believe it to be particularly important for adult individuals that face decades of living in complex societies, where responding appropriately to changing contexts is crucial. I have termed this view of play 'the Adaptive Joker hypothesis' -play behaviour is the jester, a joyful shape-shifter, a biological wild card whose value and form changes according context. Play makes individuals more adaptable because it makes them more social; and more successful in their sociality as a result of being more adaptable. Life-long play is a bridge between sociality and adaptability.
Play also rewards interaction with the world, driving cognitive complexity and adaptability. In the course of hominid evolution there has been an up-regulation of the reward systemwhich underlies positive motivational drives such as exploration and novelty-seeking. Thus humans and other highly social, big-brained animals are particularly fond of finding myriad ways to amuse themselves. Heightened positive emotion rewards seeking that complexity, and result in more adaptable brains -at all ages. Hence the biology of fun does not only belong in childhood.
Further reading

The joy of science communication
To communicate science to a wider audience, it often helps to have fun with science. Occasionally, it is even possible to make fun of science and still get its message across. Michael Gross reports.
My career in science journalism began in 1992 with a piece suggesting that protein crystallography in the International Space Station would reveal much more symmetrical, wellrounded protein structures unburdened by gravity. Anybody doubting the sincerity of this claim could find a clue on the cover of the magazine in which the piece appeared -it was the April issue of the magazine of the German Chemical Society. For additional help in sorting the serious from the not-soserious, the magazine's April fool's section is usually printed on a light blue background, with a generous helping of cartoons. So there is very little risk that my piece deceived anybody.
Back in the 20 th century, even Nature was not above the occasional April fool. On April 1, 1993, the journal published a News and Views item called "Dorian Gray mice", suggesting that carp genes enabled mice to grow indefinitely without ageing. To the lay person, it looks like any other such piece on mouse genetics and development. Only at the end it becomes very obviously fanciful, as the author, Robin Weiss, suggests a plan to limit any damage that could be caused by immortalised animals roaming the land. An inbuilt apoptosis trigger is only kept at bay while the animals are fed a tiny dose of morphine on a regular basis, so if they break free and feed themselves, they will suffer the consequence.
That last paragraph should make any reader suspicious and make them check the date on the cover, but those who only read the headline and the first paragraph may still get fantasies that they may read as fact. This may be the reason why, in times of high-profile falsification cases and a politically motivated mistrust of scientific findings, there is less enthusiasm for seasonal fake advances nowadays.
Feature
Still, there is plenty of opportunity to have fun with science all year round -beyond the intrinsic fun that the intellectual challenges of science provide to its practitioners. One could argue that, in the quest to bring science to a wider audience, fun is a necessary ingredient.
To entertain
There are still scientists who publish books addressed at the general public, essentially saying: "What you believe is wrong. Here are the scientificallyproven facts." That stern approach may have worked a few centuries ago, when published scientific information and educational material were limited resources, but nowadays all communicators are facing a public already confused by information overload. Adding another 500 pages on top of a swaying pile doesn't necessarily help anybody.
As science communicators we are now in a fierce competition for the attention of potential readers and viewers, and we're up against an unprecedented breadth of material from YouTube videos of cats doing funny things through to 'long reads' in the serious papers and magazines. Therefore, science communicators have had to step up the entertainment value of their offering, and are now aiming to educate and entertain in equal measure, and use all the formats available.
On YouTube, for instance, anybody who has had enough of the LOL cats can find clips on every element in the periodic table produced by the video journalist Brady Haran together with the group of Martyn Poliakoff at the University of Nottingham (http:// www.periodicvideos.com/). For the mathematically minded, there are excellent clips in the often imitated doodling style of mathematician/ musician Vi Hart, who has succeeded in building a career on her educational video art (http://vihart.com/).
In the blogosphere, the US comedian Megan Amram has sarcastically applied the characteristic style of women's magazines to everything including science, which has earned her a position as comedy writer for a TV series and enabled her to publish a book (Science… For Her!). On tumblr, the preferred visual medium is the animated gif, which can be surprisingly educational for areas like geometry or fluid dynamics, even though the temptations of funny cats and naked humans are never far away.
Comedy potential While Amram and Hart draw comedy from their characteristic ways of
Future scientists: Outreach events in museums help young people discover the fun of science. Shown here is an event held at Oxford University Museum of Natural History in March 2014, involving, among other things, the construction of DNA models from coloured origami paper. (Photo: Michael Gross.)
Ig Nobility: The annual Ig Nobel Prizes aim to "first make people laugh, then make them think." In 2014, the art prize was awarded to Marina de Tommaso, Michele Sardaro and Paolo Livrea of Italy, for measuring the relative pain people suffer while looking at an ugly painting, rather than a pretty painting, while being shot in the hand by a powerful laser beam. The photo shows Nobel laureate Frank Wilczek, who helped hand out the Ig Nobel Prizes to the new winners at the 2014 Ig Nobel Prize ceremony at Harvard, being exposed to an ugly painting. (Photo: Alexey Eliseev/Improbable Research.) approaching and communicating science, triggers for a good giggle can often be found within the very serious subject material. This is often the case because many professional scientists are simply too absorbed in their specific field of study to even notice that some of their analyses and concerns may appear somewhat ridiculous to the uninitiated.
Ridicule Surely, each of these research projects was based on a reasonable question and may even have yielded valuable results. The scientists in question may not have appreciated at the beginning that a one-line description of their activity might look faintly ridiculous, especially if reported by media around the world. Still, recipients of the Ig Nobels typically attend the ceremony in good spirit and may ultimately benefit from the extra publicity for their work which might have otherwise fallen into oblivion quite fast.
And for the general public there is the lesson that not all science involves finding a cure (or, failing that, a risk factor) for cancer or landing a probe on a comet. The lay public can learn from such stories that there are many serious scientists out there who study the behaviour of animals, for instance, and sometimes this study requires them to do ridiculous things. That's still nothing to be ashamed of, and if the comedy effect means that more column inches and broadcast minutes are dedicated to science, all the better.
Even the wild animals themselves can contribute some helpful comedy elements with their unusual looks and behaviour. The duck-billed platypus (Ornithorhynchus anatinus) has kindly helped me sell one of my books, in exchange for a chapter covering its highly unusual genomics, involving ten sex chromosomes. The curious looks of iconic species like meerkat (Suricata suricatta), raccoon (Procyon lotor), or ostrich (Struthio camelus) are sure to get people's attention. While this effect is already widely used in advertising that is strictly not related to zoology, science communicators could perhaps use it more often as a bait to attract people to the more serious messages of science and conservation efforts.
Words and stories
A lot can be communicated through still and moving images, and they are essential tools to capture audience interest. However, a fundamental problem with the fast and colourful communication shaped first by television and then by YouTube is that it often restricts itself to the superficial level, while the problems that science addresses are becoming more complex all the time, as science has developed tools to tackle challenges like genomes and brains, and issues like climate change and biodiversity loss need to be dealt with on the level of global systems. Ultimately, if we want people to gain a deeper understanding of what science does today, the pictures, animated gifs and video clips will have to be backed up with written words and possibly formulae, maybe lightened up with the odd graphic.
As it is competing with visual media, science writing has to be accessible and entertaining. Story telling is the key requirement. It has often been said that today's audiences are more story literate than any previous generation, so the expectations are high and they will lose interest if a text isn't telling them a story. If the story is funny and uplifting, that may improve the chances of getting the message across. One of the problems with communicating the dangers of climate change is that the general public becomes immune to apocalyptic warnings, so positive stories may work better even to communicate unpleasant things.
Stories fitting traditional patterns, like a quest succeeding against all odds, a surprising discovery, a sudden conversion, or (unfortunately) crime and punishment, occur fairly regularly in scientific research. Identifying these and presenting them in ways that Look out: The meerkat, a mongoose-like carnivore from the Kalahari and Namib deserts in Africa, is a popular visitor attraction in wildlife parks around the world, thanks to the funny poses they like to adopt. In the UK, meerkats are very prominent in advertising, but somewhat less so in popular science. Science communicators appear to have missed a trick in leaving it to others to exploit the inherent comedy value of certain species. Many misconceptions and superstitions persist because they tell better stories than the scientific papers. The struggle over evolution and creation myths in the US illustrates the power of stories that haveironically -evolved over millennia to become easily transmissible memes. Science communicators face the challenge of creating stories that are at least as accessible, memorable, and transmissible as the traditional ones, while still sticking with the scientific truth. It helps if they show how people have fun with science and reveal the fun elements within science, and sometimes they can even make fun of science.
Thanks to an editor who remembered my space proteins, I got the regular opportunity (from 2000 onwards) to poke fun at science-related issues, from the Estonian genome project through to plans for cloning mammoths, and from the science of love to life extension. Typically, there is some scientific payload smuggled in with the mickey-taking, true to the motto of the Ig Nobels to "first make people laugh, then make them think."
Michael Gross is a science writer based at Oxford. He can be contacted via his web page at www.michaelgross.co.uk
